The Steinernema carpocapsae-Xenorhabdus nematophila association is a nematobacterial complex (NBC) 14 used in biological control of insect crop pests. The ability of this dual pathogen to infest and kill an insect 15 strongly depends on the dialogue between the host's immune system and each partner of the complex. Even 16 though this dialogue has been extensively studied from the two partners' points of view in several insect 17 models, still little is known about the structure and the molecular aspects of the insects' immune response 18 to the dual infection. Here, we used the lepidopteran pest Spodoptera frugiperda as a model to analyze the 19 respective impact of each NBC partner in the spatiotemporal immune responses that are induced after 20 infestation. To this aim, we first analyzed the expression variations of the insect's immune genes in the fat 21 bodies and hemocytes of infested larvae by using previously obtained RNAseq data. We then selected 22 representative immune genes for RT-qPCR investigations of the temporal variations of their expressions 23 after infestation and of their induction levels after independent injections of each partner. We found that 24 the fat body and the hemocytes both produce potent and stable immune responses to the infestation by the 25 NBC, which correspond to combinations of bacterium-and nematode-induced ones. Consistent with the 26 nature of each pathogen, we showed that X. nematophila mainly induces genes classically involved in 27 antibacterial responses, whereas S. carpocapsae is responsible for the induction of lectins and of genes 28 expected to be involved in melanization and cellular encapsulation. In addition, we found that two clusters 29 of unknown genes dramatically induced by the NBC also present partner-specific induction profiles, which 30 paves the way for their functional characterization. Finally, we discuss putative relationships between the 31 variations of the expression of some immune genes and the NBC's immunosuppressive strategies. 32 3 33
8 186 related genes were specifically induced in the hemocytes (Fig 1B) , which is consistent with the very 187 localized nature of this immune response (65) that is mainly mediated by hemocyte subtypes. 188 Finally, only 2 genes, PPAE1 and Yellow-like 2, were found to be significantly down-regulated in this 189 category ( Fig 1B) . Both were specifically repressed in the hemocytes, which could be due to functional 190 interferences with their upregulated homologs (PPAE2 and Yellow-like 1). 191 In summary, our results suggest that both the hemocytes and the fat body participate in induction and 192 regulation of melanization in response to the NBC and no sign of transcriptional immunosuppression is 193 detected for this response. These results are in agreement with the previous identification of diverse PO 194 inhibitors in both S. carpocapsae (28, 29) and X. nematophila (30, 31). 195 Cellular responses. In the hemocytes, 19 upregulated genes were placed in the cellular responses 196 category ( Fig 1C) . The signaling ones encoded 3 homologs of the transcription factor Krüppel (Kr) (Fig   197   1C ). In D. melanogaster, Kr and Kr homologs are involved in several developmental processes such as 198 embryo patterning (71), organogenesis (72-74), and cell differentiation (75) . More specifically in the 199 hemocytes, Kr has been shown to take part in hemocytes' differentiation and/or activation (76), a crucial 200 step for the induction of cellular immune responses. The recognition genes encoded 3 cellular receptors of 201 the Scavenger (SR) and Integrin families plus the hemolin, a secreted immunoglobulin-containing protein 202 ( Fig 1C) . Both Scavenger receptors and integrins are known to act as membrane receptors in phagocytosis 203 of bacteria and apoptotic cells (77). In addition, integrins are involved in diverse processes, including cell 204 motility and adhesion, and encapsulation (78, 79) . The hemolin is known to act as an opsonin by increasing 205 phagocytosis and nodulation of bacteria in Manduca sexta (80). Among the effector genes, we first 206 identified 5 upregulated genes corresponding to conserved intracellular phagocytosis-related proteins. They 207 included Ced-6, the Rabenosyn-5 (Rbsn-5-like), a V-ATPase subunit (ATP6V0A2-like) and 2 small 208 GTPase Activating Proteins (Rabex-5-like, CdGAPr-like) (77) ( Fig 1C) .We also found genes encoding 209 membrane proteins, such as the immunoglobulin-containing hemicentin (HMCN-like) (81) and 4 210 tetraspanin-like (Tsp-like) proteins (82) ( Fig 1C) , that could participate in cell-cell adhesion and cellular 211 immune responses. Interestingly, one of the upregulated tetraspanins (Tsp-like 3) presented 79.5% identity 212 with the Manduca sexta (Lepidoptera : Noctuidae) tetraspanin D76, which takes part in hemocytes 213 aggregation during capsule formation by trans-interacting with a specific integrin (83). Finally, 2 genes 214 encoding proteins similar to the D. melanogaster clotting factors GP150 (84) and a transglutaminase (Tg-215 like) (85) were also found upregulated ( Fig 1C) . Only 2 genes (Ced-6-like, Rbsn-5-like) of the cellular 216 responses category were found to be upregulated in the fat body ( Fig 1C) and both encoded intracellular 217 proteins that are probably not related to immunity in this tissue.
218
All the 4 down-regulated putative cellular immunity-related genes were specifically modulated in the 219 hemocytes ( Fig 1C) . They encoded 2 Rho GTPase Activating Proteins (RhoGAP-like), a scavenger 220 receptor similar to the D. melanogaster Croquemort receptor (SR-B3) and a homolog of the D. 9 221 melanogaster integrin α-PS1. In D. melanogaster, Croquemort has been shown to take part in phagocytosis 222 of apoptotic cells and of the Gram positive bacterium Staphylococcus aureus but not of the Gram negative 223 bacterium Escherichia coli (79, 86) . Integrin α-PS1 is a ligand of the extracellular matrix protein laminin 224 (87). It is involved in migration and differentiation of several cell types during development (88-90) but 225 does not seem to be required for any immune process. Their down-regulations are thus probably due to 226 their uselessness in the context of the response to the NBC.
227
Overall, the results suggest that all types of cellular responses are transcriptionally induced at 15 hpi, 228 including phagocytosis and nodulation, as well as encapsulation that would be adapted to the bacterial 229 partner or the nematode, respectively. In addition, the induction of coagulation responses is particularly 230 interesting, since many clotting factors participate in D. melanogaster resistance to infestation by another 231 type of NBC, the Heterorhabiditis bacteriophora-Photorhabdus luminescens association (91-94).
232
Moreover, despite S. carpocapsae does not pierce the insects' cuticles as H. bacteriophora (1), it has been 233 shown to express at least two secreted proteases with inhibitory activities towards the formation of clot 234 fibers and coagulation-associated pathogen trapping (26, 27) . Once again, the induction of such immune 235 responses is consistent with the previous identification of several virulence factors of the NBC targeting 236 cellular immunity (26, 28, 29, (31) (32) (33) (34) (35) (36) (37) (38) .
237
Diverse immunity-related genes. A total of 29 modulated genes were involved in other diverse 238 immune processes. They included 10 up-or down-regulated signaling genes, 7 upregulated recognition 239 genes, 8 upregulated effector genes and 5 upregulated genes of unknown functions that are known to be 240 modulated after immune challenge ( Fig 1D) .
241
The signaling genes firstly encoded 2 insulin-like growth factor (IGF-II-like) and 2 insulin receptor 242 substrate homologs (IRS1-like) ( Fig 1D) . Insulin signaling is known to have a deleterious impact on the 243 induction of systemic immune responses in the fat body of D. melanogaster (95) whereas insulin increases 244 hemocyte proliferation in the hemolymph of mosquitoes (96) as well as in the hematopoietic organs of the 245 lepidopteran model Bombyx mori (97). In agreement with these assertions, we found that 2 of these genes 246 were down-regulated in the fat body, but all 4 genes were upregulated in the hemocytes ( Fig 1D) . Two 247 other signaling genes were found to be specifically overexpressed in the hemocytes. The first one is a 248 homolog of the Litopenaeus vannamei (Decapoda: Penaeidae) leucine-rich repeat flightless-I-interacting 249 protein 2 (LRRFIP2-like) ( Fig 1D) , which has been shown to upregulate AMP expression in L. vannemei 250 as well as in D. melanogaster (98). On the other hand, 3 signaling genes were found to be strictly down-251 regulated ( Fig 1D) . Interestingly, these genes included a member of the TGF-β pathway (BAMBI-like) in 252 the hemocytes and a member of the JNK pathway in the fat body (Basket), two pleiotropic pathways that 253 are currently suspected to take a part in the D. melanogaster immune response to nematodes after NBC 254 infestation (47, (99) (100) (101) . The third down-regulated gene was found in the fat body and encoded MASK, an 255 inducer of the Jak/Stat pathway (102). In the fat body, the Jak-Stat pathway has mainly been shown to 10 256 induce the expression of cytokines (103) and of a putative opsonin belonging to the TEP family (104).
257
Remarkably, several Tep genes have been shown to participate in antibacterial immunity after NBC 258 infestation in D. melanogaster (91, (105) (106) (107) . All of these down-regulations could thus impair the insect's 259 immune response to the NBC. However, more detailed analyses of their functions and modulations would 260 be required to hypothesize immunosuppressive effects of the NBCs.
261
All 7 upregulated recognition genes encoded lectins ( Fig 1D) . Five of them encoded C-type lectins 262 (CLECT), which are known to be involved in binding of diverse pathogens (108), including bacteria and 263 nematodes (109). This binding can then stimulate several immune responses, such as bacterial aggregation, 264 melanization, phagocytosis, nodulation and encapsulation (108). The 2 others encoded galectins, which are 265 involved in diverse aspects of mammalian immunity, including pathogens binding (110), and are 266 considered as relevant candidate immune proteins in insects (111). Despite a larger set of upregulated 267 lectins was identified in the fat body, members of these protein families were found upregulated in the two 268 tissues.
269
In the hemocytes, the upregulated effector genes firstly encoded a homolog of the superoxide dismutase 270 (SOD-like), a conserved detoxifying enzyme involved in responses to reactive oxygen species (112) all but one of these IMPI homologs were found to be specifically upregulated in the hemocytes, a tissue-279 specificity that had not been highlighted in previous reports (121, 122) .
280
Finally, the remaining genes of unknown function encoded Spod-x-tox, a protein without antimicrobial 281 activity which contains tandem repeats of defensin-like motifs (123), 3 REPAT genes, which are known to 282 be induced in the midgut after exposure to toxins, viruses and intestinal microbiota perturbations in the 283 close species S. exigua (124-126), and Hdd1, which is induced in response to bacteria and peptidoglycan 284 in the lepidopteran models Hyphantria cunea and Bombyx mori (127, 128) ( Fig 1D) .
285
In summary, we found an important additional mobilization of several relevant candidate immune genes, In order to put the S. frugiperda immune responses in relation with the infectious process, we then described 292 their temporal dynamics in each analyzed immunocompetent tissue. To this aim, we monitored with RT-293 qPCR experiments the induction levels of selected representative immune genes from 5 hpi, the mean time 294 at which nematodes release X. nematophila in the hemocoel, to 20 hpi, which is about 9 hours before the 295 first insect deaths (S1 Fig) . 296 In the hemocytes, the selected genes included 15 genes of the antimicrobial response, 2 genes involved in 297 melanization, 5 cellular response genes, 2 lectins and one IMPI-like gene. At 5 hpi, only 2 genes, encoding 298 a lebocin antibacterial (52) AMP (Lebocin 2) and the negative regulator Pirk of the Imd pathway (129), 299 were found to be significantly upregulated. However, most of the selected genes that are strongly induced 300 at later time points also presented positive log2 fold changes at this time point (Fig 2A) . From 10 to 20 hpi, 301 all selected genes but few exceptions (cecropin D, Tg-like and Integrin -like) due to biological variability 302 were significantly upregulated at each time point (Fig 2A) . Clustering analyses based on Pearson 303 coefficients however revealed 3 distinct clusters of covariations. The first one contained 13 genes belonging 304 to all the categories cited above and corresponded to very stable induction patterns (Fig 2A) . The second 305 one, which contained 8 genes involved antimicrobial and cellular responses plus the selected C-type lectin 306 (CLECT (ccBV)), corresponded to slightly increasing patterns (Fig 2A) . Finally, the third one, which 307 contained the Relish and Pelle members of the Imd and Toll pathways (22), an integrin and the DDC 308 melanization enzyme (130) genes, corresponded to slightly decreasing patterns (Fig 2A) . 309 In the fat body, the selected genes included 15 genes of the antimicrobial response, 2 genes involved in 310 melanization, one galectin gene (Galectin 1) and an IMPI-like gene (IMPI-like 3). At 5 hpi, all 7 selected 311 AMPs, PGRP-S1 and Galectin 1 were found to be upregulated ( Fig 2B) . All these genes were among the 312 most strongly overexpressed at later time points. Such as in the hemocytes, most of the selected genes were 313 then significantly upregulated from 10 to 20 hpi ( Fig 2B) . In this tissue, the genes only subdivided into two 314 main covariation clusters: a cluster of genes with stable induction patterns and a cluster of genes with 315 increasing induction patterns. The first cluster contained 10 genes of which 8 were involved in antimicrobial 316 responses, one encoded a melanization-related serine protease (Snake-like 2) and one encoded the Galectin 317 1 ( Fig 2B) . The second cluster contained 9 genes, of which 7 were involved in antimicrobial responses, one 318 encoded the DDC melanization enzyme (130) and the last one encoded the IMPI-like 3 ( Fig 2B) . 319 Altogether, the results obtained for the two tissues show that most of the transcriptional immune responses 320 induced at 15 hpi take place between 0 and 10 hpi, which is comparable to timings observed in other 321 interaction models (131) (132) (133) . The results also indicate that these responses are globally stable across the 322 time post-infestation despite some distinct gene induction patterns in each category of response.
323
Interestingly, while we were hoping to discriminate between an early response, probably activated by the 324 nematode presence, and a later response, probably reacting to bacterial growth, we did not find any clear 12 325 link between the gene inductions' dynamics and the different immune processes and pathways that were 326 represented in our selection.
327

Evaluation of each NBC partner's part in the induced immune responses 328
In order to identify each NBC partner's relative participation in the fat body's and hemocytes' immune 329 responses, we used RT-qPCR to compare the induction levels of the selected immune genes after 330 independent infections by the whole NBC, the axenic nematode or the bacterial symbiont. To this aim, we 331 decided to use a more standardized protocol of direct injection of the pathogens into the hemocoel, thereby 332 limiting putative side effects such as early hemocoel colonization by intestinal microorganisms.
333
Importantly, we previously compared the kinetics of X. nematophila growth and of S. frugiperda survival 334 after injection of the entire NBC and of 200 X. nematophila (S2A and S2B Fig) . This comparison showed 335 that both kinetics are very similar and thus that any difference of induction level between the 2 conditions 336 would not reflect differences in bacterial load or physiological state. However, the putative impact of 337 axenization on the nematode's physiology could not be assessed by the same way due to technical 338 limitations and to its avirulence in absence of its bacterial symbiont (S2B and S2C Fig) .
339
In the hemocytes, 14 genes presented higher induction levels in response to X. nematophila than in response 340 to the axenic nematode (Fig 3) . In the antimicrobial category, they included the negative regulator Pirk of 341 the Imd pathway (129), all the selected attacin, cecropin, gloverin, lebocin and gallerimycin AMPs, the 2 342 selected PGRP-S, and also probably the Imd pathway transcription factor Relish (22) ( Fig 3A) . As indicated (80), the IMPI-like 3, and also probably the selected integrin (Integrin β-like) ( Fig 3B, 3C and 3D) .
350
Once again, all of these genes are susceptible to play a part in an immune response to a pathogenic 351 bacterium even though most of them could act on diverse types of invaders. Surprisingly, we found that X. 352 nematophila strongly over-induces the transglutaminase (Tg-like) putative clotting factor (85) (Fig 3C) .
353
This result could suggest that the bacterium is actually the main responsible for tissue damages at this time 354 point and/or that Tg-like expression is induced in response to bacteria. Importantly, this result is in 355 agreement with the study of Yadav and colleagues (43), who showed that the D. melanogaster Fondue 356 clotting factor was induced after infestation by the NBC but not after infestation by axenic nematodes.
357
Remarkably, most of the genes that were mostly induced by X. nematophila presented higher induction 358 values in response to the bacterium alone than in response to the whole NBC. However, this observation 359 cannot be directly interpreted as an antagonistic effect of the nematode partner since it could be due to 13 360 changes in the relative proportions of each hemocyte subtype, which would not necessarily reflect absolute 361 variations in their numbers. In addition, the nematode partner specifically induced the overexpression of 362 the selected C-type lectin (CLECT (ccBV)) and was probably the main inducer of the Galectin 1, the 363 tetraspanin D76 homolog (Tsp-like 3) and the selected diapausin AMP (Diapausin 5) ( Fig 3A, 3C and 3D ).
364
As mentioned before, the M. sexta tetraspanin D76 is known to take part in encapsulation (83) factor (Kr-like factor 1), were similarly induced by each of the three pathogens ( Fig 3A, 3B and 3C) , 371 suggesting that these responses are induced by the 2 partners without any additive effect.
372
In the fat body, statistical analysis of the results firstly revealed that the induction levels of Pirk as well as 373 of the selected cecropin and gloverin AMPs were significantly lower in response to the axenic nematode 374 than in response to the NBC and to X. nematophila (Fig 4A) , suggesting the bacterial partner is the main 375 responsible for their inductions. In addition, despite non-significant statistics, the results for the selected 376 attacin AMP, PGRP-S6 and GNBP3 showed similar induction patterns ( Fig 4A) . As for the hemocytes, the 377 induction patterns of Pirk and of the attacin, cecropin and gloverin AMPs suggest that the fat body's 378 antimicrobial response to X. nematophila is well adapted to the type of pathogen that is met. On the 379 contrary, the induction levels of the melanization-related serine protease (Snake-like 2) was significantly 380 lower in response to X. nematophila than in response to the NBC and to the axenic nematode ( Fig 4B) , 381 suggesting that the nematode partner is the main responsible for its induction. Similar induction patterns 382 were obtained for the Toll pathway members Toll and Cactus (22) as well as for Galectin 1 (Fig 4A and carpocapsae. Therefore, the involvement of this immune pathway in anti-nematode immune responses may 389 depend on the downstream effectors and thus be variable between insect species. Finally, the other genes 390 did not show any clear difference of induction level after injection of the 3 pathogens, except for the 391 gallerimycin AMP, PGRP-S1 and the DDC melanization enzyme, which presented a lesser induction when 392 each NBC partner was injected alone (Fig 4A and 4B) . These results suggest synergistic effects of the 393 nematode and of the bacterium on the induction of these genes.
394
In summary, we found in the 2 tissues that most of the selected genes presented partner-specific induction 395 patterns, suggesting that the immune response to the NBC corresponds to combinations of responses 14 396 induced by each partner. The detailed analysis of these genes indicates that X. nematophila is the main 397 inducer of most of the selected genes, and especially of the well-known antibacterial ones. On the other 398 hand, S. carpocapsae is the main inducer of some melanization and encapsulation-related genes and of the 399 selected lectins, which could all take part in classical anti-nematode immune responses. The results thus 400 globally suggest that the hemocytes and the fat body both respond by adapted ways to each NBC partner 401 despite some yet unexplained results, such as an induction of Toll pathway members in the fat body by the 402 nematode partner.
403
Expression patterns of two new clusters of candidate immune genes 404 During our first analysis of the RNAseq data, we identified 2 new clusters of candidate immune genes (48).
405
The first one, named the Unknown (Unk) cluster, was localized close to Tamozhennic, a gene encoding a 406 nuclear porin involved in the nucleation of Dorsal, the transcription factor of the Toll pathway (135). It 407 contained 5 genes predicted to encode secreted peptides and short proteins that were all highly 408 overexpressed in the midgut, fat body and hemocytes at 15 hpi and of which 4 were the unique mobilized 409 genes at 8 hpi in the fat body. The second cluster, named the Genes with Bacterial Homology (GBH) 410 cluster, contained 3 genes located inside a defensin-like AMP cluster in the S. frugiperda genome. The 3 411 genes were predicted to encode secreted proteins similar to each other and one of them was also found 412 highly induced at 15 hpi in the 3 tissues. The particularity of these genes is that homologs are found only 413 in lepidopteran species as well as, intriguingly, in Gram positive bacteria. Here, we reexamined the 414 expression patterns of the Unk and GBH genes and found that the 5 Unk genes were mainly expressed in 415 the fat body whereas 2 of the 3 GBH genes were mainly expressed and induced in the hemocytes (S2 Table) .
416
In order to learn more about their putative functions, we decided to analyse, as we did for the known 417 immune genes, their induction patterns across the time post-infestation and in response to each NBC partner 418 in the corresponding tissues. In both cases, we found that the induction dynamics of the genes were very 419 similar to those of immune genes, with an upregulation that becomes significant at 5 or 10 hpi and with 420 globally stable induction patterns from 10 to 20 hpi (Fig 5A and 5B) .
421
In the case of the GBH cluster, the results that we got for the 2 NBC-responsive genes (GBH1 and GBH3) 422 in the hemocytes indicate that they are significantly less induced after axenic nematode injection than after 423 NBC and X. nematophila injections, suggesting that the bacterium is the main responsible for their up-424 regulation ( Fig 5C) . We could hypothesize an acquisition by horizontal gene transfer from bacteria of the 425 GBH genes. In this case, their putative involvement in the antibacterial immune response would be 426 particularly interesting, since bacterial genes hijacking for immune purpose has only been reported once in 427 metazoans, in the tick Ixodes scapularis (136). Such a hypothesis however requires functional confirmation.
428
In the case of the Unk cluster, we found that the 4 most induced genes in the fat body (Unk2 to 5) are all 429 strongly and similarly induced by the NBC and by the axenic nematode whereas they are not induced by 430 X. nematophila (Fig 5D) . The results are very similar for the least expressed Unk gene (Unk1), for which 15 431 we only found a significant induction for the injection of axenic nematodes ( Fig 5D) . This partner-specific 432 induction pattern suggests the Unk genes are involved in specific aspects of the insect responses to the 433 infestation. In addition, the putative involvement of the Unk genes in the response towards the nematode 434 partner seems to be in agreement with their early mobilization during the infectious process and with their 435 overexpression in the midgut, which is the entry site of the nematode. In our previous study, we had 436 hypothesized the Unk may encode new types of immune effectors (48). However, given their low levels of 437 conservation in species as close as S. littura or S. littoralis (S4 Fig) another hypothesis would be that they 438 correspond to regulatory long non-coding RNAs (137, 138) . In both cases, the further functional 439 characterization of these genes could be very promising given our current lack of knowledge of the immune 440 pathways and molecular effectors of insect anti-nematode immunity. establishes that these responses are very stable across the post-infestation time and that they correspond to 448 combinations of X. nematophila-and S. carpocapsae-induced responses that seem to be well adapted to the 449 nature of each partner (Fig 6) .
450
The pieces of information collected during these analyses are of great interest for the study of the dialogue 451 that takes place between each NBC partner and their hosts' immune systems. First, our results strongly 452 suggest that the NBC immunosuppressive strategies globally have a low impact on the induction of immune 453 responses at the transcriptional level. They also indicate that the nematode and/or its effects on the host are 454 detected by the insect's immune system that in return seems to induce adapted immune responses towards 455 the pathogen. Such observations could help to identify the limits of previously described 456 immunosuppressive and immunoevasive strategies of the NBC. For example, they suggest that the 457 suppressive effect of X. nematophila on the expression of AMP genes (42, 60, 61) as well as the camouflage 458 strategy of S. carpocapsae (24, 25) are probably far from sufficient to explain their success towards the 459 immune system in the case of S. frugiperda. Nevertheless, we found several unexplained down-regulations 460 of signaling genes, such as of members of the Imd, JNK, TGF-β and Jak-Stat pathways, that represent 461 interesting working trails for the study of the molecular basis of the NBC's immunosuppressive strategies.
462
Finally, this study allowed the identification of very large panels of candidate immune genes involved in 463 all the main components of insect immunity as well as of some yet uncharacterized genes that could encode 464 new immune factors involved in the response to the complex. lysis buffer (Quick extract kit, Epi-centre) for a second grinding. To ensure bacterial cell lysis, the samples 499 were incubated at room temperature for 48 h with 2 µL Ready-Lyse Lysozyme solution at 30000 U/µL 500 (Epi-centre). Protein denaturation was then performed by 10 min incubation at 90°C, and RNA was 501 removed by 10 min incubation at 37°C with 20 µL RNase A (20 mg/mL) (Invitrogen). DNA was extracted 502 by successive addition of 500 µL phenol-chloroform-isoamyl alcohol and 500 µL chloroform, followed by 503 centrifugations (10 min, 16000 g) and aqueous phase collections. DNA was precipitated with 500 µL 100% 504 ethanol supplemented with 20 µL sodium acetate and by freezing at -80°C for 2 h. After defrosting, DNA 505 was concentrated by centrifugation (30 min, 16000 g) and the precipitates were washed twice by 506 centrifugation (15 min, 16000 g) in 500 µL 70% ethanol. DNA was finally suspended in 50 µL sterile 507 milliQ water and left at room temperature for a few hours to ensure precipitate dissolution. After DNA 508 quantification with a Qubit fluorometer (Invitrogen), X. nematophila presence was assessed by PCR 509 amplification with Xenorhabdus-specific primers (Xeno_F: 5'-ATG GCG CCA ATA ACC GCA ACT A- Experimental infestations with nematobacterial complex were carried out on individual 2 nd day 6 th instar S. 517 frugiperda larvae according to (48) . Larvae were kept at 23°C in 12-well plates with an articial diet (139).
518
Briefly, each well was coated with a piece of filter paper (Whatman) and 150 +/-20 NBCs in 150 µL Ringer 519 solution were poured in each larva-containing well. 150 µL Ringer sterile solution were used for control 520 larvae.
521
For intra-hemocoelic injection experiments, pathogens were injected in larvae's abdomens after local 522 application of 70% ethanol with a paintbrush. Injections were performed using a syringe pump (Delta labo) 523 with 1 mL syringes (Terumo) and 25G needles (Terumo). X. nematophila suspensions were prepared as 524 described in Sicard et al (2004)(142). Bacterial culture was diluted in PBS and 20 µL containing 200 +/-525 50 bacterial cells were injected in the hemocoel at a rate of 1.67 mL/min. 20 µL sterile PBS was used for 526 control larvae. The purity and number of injected X. nematophila were verified by plating 20 µL of the 527 bacterial suspension on NBTA (143). For NBC and axenic nematode injections, 10 +/-3 nematodes in 20 528 µL solution at 70% Ringer and 30% glycerol were injected at a rate of 2.23 mL/min. Syringes were 529 frequently renewed in order to limit nematodes' concentration and sedimentation and the number of 530 injected nematodes was verified by 10 simulations of injection in Petri dishes followed by nematode 531 counting under a microscope (Zeiss). Sterile solutions at 70% Ringer and 30% glycerol were used for 532 control larvae. To avoid accidental per os infections, the injected larvae were then briefly washed in sterile Schmucker D, Taubert 
77.
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